Vincristine Impairs Microtubules and Causes Neurotoxicity in Cerebral Organoids.
The advance of nanotechnology in drug delivery systems has allowed central nervous system (CNS) accumulation of several anti-tumor agents with poor brain penetration but also lead to concerns about central neurotoxicity. Vincristine is commonly administered as an effective anti-brain tumor drug. It is known to act by interfering with microtubule dynamics, but models for detailed elucidation of its mechanism of neurotoxicity are limited. Here we generated cerebral organoids using human-induced pluripotent stem cells (iPSCs) for evaluation of neurotoxic mechanisms. Cerebral organoids were treated with different concentrations of vincristine for 48 h and their expansion was measured. We also assayed various cell markers, microtubule associated proteins, and matrix metalloproteinases (MMP) in cerebral organoids. After treatment for 48 h, we observed dose-dependent neurotoxicity, including reduced neuron and astrocyte numbers at high concentration. Vincristine treatment also impaired the microtubule-associated protein tubulin, and fibronectin, and downregulated MMP10 activity. Further analysis using the STRING database found that, both MMP10 and fibronectin bind with MMP9 experimentally, and text-mining indicated an interaction between MMP10 and fibronectin. Our organoid model system allowed quantitative investigation of the effects of vincristine treatment. Our findings indicated vincristine exhibited dose-dependent neurotoxicity, inhibited fibronectin, tubulin, and MMP10 expression in cerebral organoids.